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度为 0.40 g/L时，活性炭表面羧基含量为 0.4074 mmol/g，羰基含量减少为零。






















床吸附汞实验表明， NO 或 HCl 都能明显促进活性炭对汞的吸附，O2能够微弱





















Mercury is one of the most toxic heavy metal elements in the atmosphere, and it 
has become the global pollutant due to its volatility, persistence, bioaccumulation and 
high toxicity. Coal-fired power plants have become the largest source of 
anthropogenic mercury emissions, the existing flue gas purification equipment is 
efficiency for mercury control, but a large amount of mercury is still diffused to air. 
Activated carbon injection technology is the most promising method to capture 
mercury and many studies have indicated that the surface characteristics could 
strongly affect the mercury removal performance. To investigate the effects of surface 
oxygen-containing functional groups on mercury uptake is of high scientific and 
practical value.  
Although the modified activated carbon performs well in mercury removal, the 
types of groups that mainly affect the mercury adsorption performance has not been 
identified due to mixed functional groups with high concentrations on those carbon 
samples. This study offered a new idea of using weak oxidant--benzoic acid to modify 
the original carbon samples, introducing some particular groups to carbon surface 
selectively. The pore structure and functional groups were analyzed to study the 
modification mechanism using UV spectrophotometry, Scanning electron microscope, 
X-ray diffraction, low temperature nitrogen adsorption, Fourier transform infrared 
spectrometry, Boehm acid-base titration and X-ray photoelectron spectroscopy. 
Afterwards, Hg
0
 adsorption tests were conducted to identify the functional groups 
which are responsible for Hg
0
 removal on carbon surface. At last, impacts of some 
individual flue gases on the mercury adsorption on the surface of activated carbon 
were studied, and adsorption mechanisms of Hg
0
 removal were also elaborated. 
The results indicated that heating treatment is effective to purify activated carbon 
surface, and benzoic acid impregnation is a valid method to introduce surface 
oxygen-containing functional group to carbon surface. After modification, there was 
















concentration of benzoic acid, the BET area and pore volume decreased, and the 
average pore size didn’t change much. In addition, the amounts of carboxyl groups 
increased, carbonyl groups decreased with the enhancing leaching concentration of 
benzoic acid, and the quantity of phenol and lactone groups didn’t show obvious 
correlation with benzoic acid concentration. The Hg
0
 adsorption experiments 
suggested that the original activated carbon BPL had the worst adsorption 
performance compared to the modified carbon samples, with the mercury capacity of 
159 μg/g. With the increasing impregnating concentration of benzoic acid, the Hg0 
adsortption capacity of treated smaples improved, when the concentration of benzoic 
acid was 0.18 g/L, the best Hg
0
 adsorption capacity of the accordingly modified 
sample was 240 μg/g. Characterizations of activated carbons showed that carboxylic 
and carbonyl groups played prominent roles in adsorption process, and carboxylic 
groups were more relative to Hg
0
 capture. Moreover, the adsorption experiments 
under flue gases components showed that NO and HCl were observed to strongly 
promote Hg
0
 removal, while O2 could slightly increase the mercury capacity. On the 
other hand, the presence of CO2 inhibited the adsorption performance and SO2 and 
H2O could strongly inhibit mercury capture. 
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署(United Nations Environment Program，UNEP)最新发布的全球汞评估报告指出
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表 1-1 2010年全球大气人为汞排放分布[7] 




Region Emission（range）,tonnes % 
Australia, New Zealand & Oceania  22.3 (5.4 - 52.7) 1.1 
Central America and the Caribbean  47.2 (19.7 - 97.4) 2.4 
CIS & other European countries  115 (42.6 - 289) 5.9 
East and Southeast Asia  777 (395 - 1690) 39.7 
European Union (EU27)  87.5 (44.5 - 226) 4.5 
Middle Eastern States  37.0 (16.1 - 106) 1.9 
North Africa  13.6 (4.8 - 41.2) 0.7 
North America  60.7 (34.3 - 139) 3.1 
South America  245 (128 - 465) 12.5 
South Asia  154 (78.2 - 358) 7.9 
Sub-Saharan Africa  316 (168 - 514) 16.1 
Undefined (global total for emissions from 
contaminated sites) 
82.5 (70.0 - 95.0) 4.2 
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